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Objectives
• To design, prototype and test a bridge inspection
robot deployment system (BIRDS) for required
functions with minimum weight.

• To equip the BIRDS with an infrared camera or a
hyperspectral camera or both for reinforced
concrete or steel girder bridge inspection.

Concept
• BIRDS is invented
To facilitate the remote inspection of bridges with
nondestructive evaluation tools such as cameras in about
one hour (target).
To provide a stationary platform
for reliable high-quality data collection
To be a multimodal robotic system that utilizes both flying
and driving technologies to access to the areas to be
inspected.
To be applicable to a wide range of bridges once
completed with autonomous operation

Operation Procedure
• Flying -> attaching -> traversing -> detaching

Design Considerations
• Support various inspection techniques
• Clamp a bridge girder with a 16-18” wide flange
• Reduce lane closures
• Increase inspector safety
• Stabilize drone, once attached to a girder, for
quality measurements even in windy days
• FAA considerations
Drone’s weight less than 55 lbs
✔

Balance flight time and payload

Visual line of sight during flying
No flying above personnel

Credit: pinterest.com

Limitations of and lessons learned from
the 1st Prototype
• Using a lead screw to both clamp and unclamp is not efficient
and safe.

• There was also a large problem handling the torque on the
arms during traversal, this is addressed by our use of round
carbon instead of flat plates for arms.

• The clamping mechanism becomes too heavy to fly and
clamp and hard to improve.

Clamping Design of the 2nd prototype

CLAMPING MECHANISM with
“PASSIVE” FAILSAFE

TRAVERSING SYSTEM DESIGN

Gearbox design

Motor

Clamping Test System Design
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Analysis for ceiling effects
• Aerodynamic simulation
Two kinds of ceiling boundaries considered in the simulation
model: single girder and three-girder bridge deck.

Parametric study
dH
dV

dV: vertical distance between the
UAV and the girder bottom.
dH: horizontal distance between
the center of UAV and the center
of girder in X direction.

Simulation results (in progress)
• Flow trajectory results

dV= 200 mm
dH = 0

dV = 200 mm
dH = 635mm (25in )

• Parametric study results
The relationship between dV and the normal force on the girder bottom.

Hardware setup for autonomous flight
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Vision-based hovering test video

Datalink configuration for outside flight
Internet

Potential issues of using Wi-Fi:
● poor signal penetration
● range < 50 metres (160 ft)
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Outdoor vision-based hovering

Concluding Remarks
• Observations Based on the Clamping and Flight Test
The rotor arms move efficiently with the help of the
spring.
The passive clamping mechanism makes the robot safe.
Vision-based position control is able to help the drone
hovering stably under non-GPS environment

Concluding Remarks
• BIRDS Benefits
Increased operation time
Stable measurement platform, particularly less
susceptible to wind condition
Ease in navigation
Accurate positioning
Cost effectiveness
Improved potential use by bridge inspectors due to
its analogy to inspection platform
Enhanced inspectors’ safety

Future work
• Integrate the clamping mechanism with a
quadrotor and test flying, clamping, traversing;
• Develop automatic methods to let the robot
approach a girder and clamp under it with help of
vision guidance and total station position
feedback;
• Mount the robot with sensors such as an infrared
camera or a hyperspectral camera to collect data;
• Analysis the data and draw conclusions of bridge
health status.
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